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Brain	Science	

§  15	–	30	Billion	neurons	(cells)	
—  Axon	carries	electrical	charge	
—  Connected	by	synapses	(thousands)	
—  Connect	to	spinal	cord	

§  Highlights	of	the	funcJonal	areas	
—  Cerebral	cortex:	thin	outer	layer	
—  Frontal	lobe:	moJon,	memory	
—  Parietal	lobe:	sensory	integraJon	
—  Temporal	lobe:	visual	memories,	

hearing	
— Occipital	lobe:	vision	
—  Cerebellum:	coordinaJon	
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Brain	Imaging/Sensor	Modali:es	

§ MEG	(Megnetoencephalography)		

§  FuncJonal	MRI	(MagneJc	
Resonance	Imaging)	

§  PET	(Positron	Emission	
Tomography)	

§  [Scalp]	EEG	
(Electroencephalography)	

§  [Intracranial]	EEG	or	ECoG	

§ Microelectrodes	
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Scalp	EEG	Montage	

§  64	Electrodes	(10-10	system)	

§  Each	picking	up	acJvity	of	
millions	of	neurons	

§  Local	Field	PotenJal	(LFP)	
dependent	on:	
— OrientaJon	of	neurons	
—  Volumetric	properJes	of	the	

brain	
—  Contact	quality	
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Time/Frequency	Analysis	in	EEG	

§  EEG	frequency	bands	
have	been	
experimentally	
correlated	with	funcJon	

§  Oscillatory	behavior	of	
neurons	
—  Event-Related	

DesynchronizaJon	
—  Event-Related	

SynchronizaJon	

Band Frequency Example of Function 
Delta < 4 Hz NREM sleep 
Theta 4 – 7 Hz Drowsiness, idling 
Alpha 8 – 15 Hz Relaxation, closed eyes 
Beta 16 – 31 Hz Active thinking, anxious 
Gamma > 32 Hz Sensory processing 
Mu 8 – 12 Hz Motor neurons 
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Log-Normal	Spectral	Models	

§  Data	from	sensor	array:	

§  Power	spectral	density:	

§  Log-Normal	model:	

§  ResulJng	likelihood	funcJon:	

§  Parameter	esJmaJon:	

xn (t)

yn,s (f)

log yn,s (f) ⇠ N
�
µf ,�

2
f

�

�f (y)

n
s

f

channel 
 
time bin 
 
frequency bin 

�
µf ,�

2
f

�
= argmax

µf ,�2
f

�f (y)



LLNL-PRES-xxxxxx 
7	

Spectral	Characteris:cs	

§  Scalp	EEG	
—  160	Hz	sampling	rate	

§  STFT	properJes	
—  2	second	window	with									

1	second	overlap	
—  0.5	Hz	frequency	resoluJon	
—  2	s	temporal	resoluJon	

§  EsJmate	model	
parameters	over	
corresponding	data	
— mean	and	variance	for	each	

frequency	bin	

Eye Models 
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Spectral	Characteris:cs	

§  Scalp	EEG	
—  160	Hz	sampling	rate	

§  STFT	properJes	
—  2	second	window	with									

1	second	overlap	
—  0.5	Hz	frequency	resoluJon	
—  2	s	temporal	resoluJon	

§  EsJmate	model	
parameters	over	
corresponding	data	
— mean	and	variance	for	each	

frequency	bin	

Hand and Feet Models 
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Adding	Spa:al	Dynamics	

§  Channel	dependent	model:	

§  Likelihood	funcJon:	
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Spa:al	Characteris:cs	

§  Train	models	for	eye	state	(open	
and	closed)	

§  Using	new	(test)	data,	compute:	

§  Brain	topography	
—  Locate	areas	of	acJvity	
—  For	specific	task	
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Spa:al	Characteris:cs	

Hands vs. Feet Left vs. Right 
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State	Space	Models	

§  Capture	temporal	evoluJon	of	the	signals	
—  States	progress	through	Jme	
—  State	are	not	observed	

§  Basic	formulaJon:	

§  State	dependent	likelihood	funcJons:	

§ Markov	transiJons	->	Hidden	Markov	Model	
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State	Space	Behavior	

§  Train	model	on	single	run	

§  Compute	most	likely	state	
sequence	given	the	data	

§  Convert	to	binary	matrix	

§  Discover	temporal	
paferns	corresponding	to	
behavior	
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Inves:ga:ng	Discovered	States	

§  ResJng	State	

§  Each	state-channel	
combinaJon	contains	a	log-
Normal	model	over	
frequency	bins	
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Inves:ga:ng	Discovered	States	
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Inves:ga:ng	Discovered	States	
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